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T h i s  r e p o r t  was p r e p a r e d  a s  an accoun t  o f  work sponsored  
by t h e  Un i t ed  S t a t e s  Government. N e i t h e r  t h e  Un i t ed  
S t a t e s  n o r  t h e  U n i t e d  S t a t e s  Department o f  Energy ,  n o r  
any o f  t h e i r  employees ,  n o r  any o f  t h e i r  c o n t r a c t o r s ,  
s u b c o n t r a c t o r s  , o r  t h e i r  employees ,  makes any w a r r a n t y  , 
e x p r e s s  o r  i m p l i e d ,  o r  assumes any l e g a l  l i a b i l i t y  o r  
r e s p o n s i b i l i t y  f o r  t h e  a c c u r a c y ,  comple t eness  o r  u s e f u l -  
n e s s  o f  any i n f o r m a t i o n ,  a p p a r a t u s ,  p r o d u c t  o r  p r o c e s s  
d i s c l o s e d ,  o r  r e p r e s e n t s  t h a t  i t s  u s e  would n o t  i n f r i n g e  
p r i v a t e l y  owned r i g h t s .  
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Summary 
P r o g r e s s  
* E v a l u a t i o n  of  t h e  f i r s t  275°C v o l t a g e  r e g u l a t o r s  d e l i v e r e d  by 
Teledyne  P h i l b r i c k  has  begun. Te ledyne  d e l i v e r e d  5 0  u n i t s  t o  
S a n d i a ;  t e s t i n g  i s  b e i n g  pe r fo rmed  w i t h  t h e  a i d  o f  mic ropro -  
c e s s o r  b a s e d  t e s t e r s  and l a b o r a t o r y  ovens .  Thus f a r ,  t h e  
u n i t s '  s h o r t - t e r m  s t a b i l i t y  and o u t p u t  v o l t a g e  t e m p e r a t u r e  
c o e f f i c i e n t  a r e  w i t h i n  s p e c i f i c a t i o n .  
* The 4 0 0 0  pF c a p a c i t o r s  have been s u c c e s s f u l l y  f a b r i c a t e d  f o r  
t h e  Teledyne  P h i l b r i c k  v o l t a g e -  t o -  f r equency  c o n v e r t e r  h y b r i d  
c i r c u i t .  The c a p a c i t o r s  a r e  s t a b l e  i n  t h a t  t h e y  changed l e s s  
t h a n  L 1 . 5 %  between room t e m p e r a t u r e  and 3 0 0 ° C .  
* The S a n d i a  e x h i b i t  o f  h i g h  t e m p e r a t u r e  components and h y b r i d  
c i r c u i t s  was w e l l  r e c e i v e d  a t  t h e  annua l  Geothermal Resources  
Counc i l  Meet ing i n  Reno, Nevada, d u r i n g  September  24-26 ,  1 9 7 9 .  
A h i g h  p e r c e n t a g e  o f  a t t e n d e e s  r e q u e s t e d  p u r c h a s e  i n f o r m a t i o n  
f o r  t h e  d i s p l a y  i tems. Such i n t e r e s t  i n d i c a t e s  a r eady  marke t  
f o r  c o m m e r c i a l i z a t i o n .  
* Development o f  a 3OOOC i n t e g r a t e d  c i r c u i t ,  o p e r a t i o n a l  ampl i -  
f i e r  (op amp) i s  underway a t  H a r r i s  Semiconductor  unde r  a 
S a n d i a  c o n t r a c t .  T h i s  300°C op amp w i l l  be  p i n - f o r - p i n  
r ep lacemen t  f o r  t h e  p o p u l a r  H a r r i s '  H A 4 6 0 2  quad op amp ( r a t e d  
t o  125OC) t h a t  i s  commonly used  i n  many commercial  l o g g i n g  
t o o l s .  (See e n c l o s e d  p r o g r e s s  r e p o r t  .) 
Problems 
* Packaging  problems above 400°C s t i l l  p l a g u e  t h e  I n t e g r a t e d  
Thermionic  C i r c u i t  (ITC) p r o j e c t  a t  Los Alamos S c i e n t i f i c  Labo- 
r a t o r y  (LASL). ITC package  development  has  been a j o i n t  e f f o r t  
w i t h  LASL and S a n d i a .  I n  o r d e r  t o  o b t a i n  workab le ,  comple te  
I T C  u n i t s ,  t h e  t e m p e r a t u r e  s p e c i f i c a t i o n  may be lowered  t o  
3 5 O O C  maximum; t h i s  a c t i o n  would s t i l l  f u l f i l l  a lmos t  a l l  t h e  
geo the rma l  needs  and i t  may h e l p  t h i s  p r o j e c t  t o  a c h i e v e  a 
comple t e  working package  t h a t  c o u l d  be commerc ia l i zed .  
* The l a t e s t  h i g h  t e m p e r a t u r e  r e s i s t o r  m a t e r i a l s  deve loped  by 
Cermalloy s t i l l  y i e l d  t h i c k  f i l m  r e s i s t o r s  t h a t  have a + Z O O  
ppm/OC change i n  v a l u e  up t o  400°C. Although t h i s  m a t e r i a l  i s  
s t a b l e  o v e r  t e m p e r a t u r e ,  t h e  t e m p e r a t u r e  c o e f f i c i e n t  o f  r e s i s -  
t a n c e  g o a l ,  o f  l e s s  t h a n  + S O  ppm/"C, has  s t i l l  n o t  been 
a c h i e v e d .  
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A. S u b c o n t r a c t s  
opment o f  a 'me ta l  s h e a t h  t y p e  c a b l e  s u i t a b l e  f o r  geothermal  w e l l  
l o g g i n g  o p e r a t i o n .  C e r t a i n  c o n t r a c t u a l  q u e s t i o n s  a r e  s t i l l  b e i n g  
a d d r e s s e d  by t h e  p r o s p e c t i v e  c o n t r a c t o r s  i n  r e sponse  t o  S a n d i a ' s  
r ev iew o f  t h e i r  p r o p o s a l s .  C o n t r a c t  s t a r t u p  i s  now a n t i c i p a t e d  
f o r  l a t e  November o r  December. 
- 
Geothermal  Cable  Development - T h i s  c o n t r a c t  i s  f o r  t h e  d e v e l -  
3OOOC I C  O p A m  - H a r r i s  Semiconductor  i n  Melbourne,  F l o r i d a ,  
i n t e g r a t e d  c i r c u i t  o p e r a t i o n a l  a m p l i f i e r  unde r  a S a n d i a  s u b c o n t r a c t .  
T h i s  c i r c u i t  w i l l  be a p i n - f o r - p i n  r ep lacemen t  f o r  H a r r i s '  p o p u l a r  
H A 4 6 0 2  quad op amp. Although r e p o r t e d  h e r e i n ,  t h i s  s u b c o n t r a c t  i s  
funded  t h r o u g h  S a n d i a  by D O E ' S  D i v i s i o n  o f  F o s s i l  Fue l  E x t r a c t i o n .  
Gal l ium Arsen ide  Diodes - McDonnell Douglas has  done a v e r y  
good j o b  i n  h o n o r i n g  t h e i r  c o n t r a c t u a l  o b l i g a t i o n s .  T h e i r  f i n a l  
r e p o r t  i s  d e t a i l e d  enough t o  a l l o w  f u r t h e r  d e v i c e s  t o  be  manu- 
f a c t u r e d  by any q u a l i f i e d  p e r s o n .  
T h i s  work s h o u l d  be  p u t  t o  u s e ,  meaning c o n t i n u e d  e f f o r t  t o  c l e a r  
up s e v e r a l  rough s p o t s .  The d e l i v e r e d  d e v i c e s  s h o u l d  be s t u d i e d  
f u r t h e r  and h o p e f u l l y  p u t  t o  u s e  i n  r e a l  a p p l i c a t i o n s .  
h a s  s t a r t e d  on t I? e development  o f  a 300°C d i e l e c t r i c a l l y  i s o l a t e d ,  
These a r e  some o f  t h e  q u e s t i o n s  l e f t  unanswered by t h e i r  f i n a l  
r e p o r t :  
1. How can  we s o l v e  t h e  fo rward  s e r i e s  r e s i s t a n c e  problem? 
2 .  Why do c o n v e n t i o n a l  GaAs d i o d e s  f o l l o w  b u l k  l e a k a g e ,  w h i l e  
t h o s e  manufac tu red  f o r  h i g h  t e m p e r a t u r e  d i o d e s  seem t o  be 
dominated by s u r f a c e  l e a k a g e .  
3. What n e e d s  t o  be done t o  f u r t h e r  t h e  r e l i a b i l i t y  and maximum 
temp e r a t u r e  ? 
B.  Meet ings  
High Tempera ture  E l e c t r o n i c s  and I n s t r u m e n t a t i o n  Seminar  - 
T h i s  tw'o day semina r  i s  p l a n n e d  f o r  December 3 and 4, 1 9 7 9 ,  a t  t h e  
Mar r io t t -As t rodome  H o t e l  i n  Hous ton ,  Texas .  The s e m i n a r ' s  o b j e c -  
t i v e s  are  t o  t r a n s f e r  h i g h  t e m p e r a t u r e  e l e c t r o n i c s  and i n s t r u m e n t a -  
t i o n  t e c h n o l o g y  t o  i n d u s t r y  and t o  s t i m u l a t e  c o m m e r c i a l i z a t i o n  by 
b r i n g i n g  t o g e t h e r  p o t e n t i a l  d e v e l o p e r s  , s u p p l i e r s  , and u s e r s .  
T e c h n i c a l  s e s s i o n s  w i l l ,  c o v e r  a r ange  o f  t o p i c s  from e l e c t r o n i c  
d e v i c e s  and h y b r i d  c i r c u i t s  t o  m a t e r i a l s  and c a b l e s .  L o g i s t i c s  
w i l l  be h a n d l e d  th rough  t h e  U n i v e r s i t y  o f  Hous ton ' s  P r o f e s s o r  
R icha rd  Simpson. 
S t e e r i n  Committee Meeting - The n e x t  S t e e r i n g  Committee Meet ing 
f o r  -fi----& t i s  program w i l l  be  G l d  on December 5 ,  1 9 7 9 ,  a t  t h e  M a r r i o t t -  
Astrodome H o t e l  i n  Houston,  Texas .  T h i s  w i l l  be a b r i e f  meet ing  
s i n c e  i t  immedia te ly  f o l l o w s  t h e  above semina r .  The p r i m a r y  t o p i c s  
t o  be cove red  i n c l u d e  f r a c t u r e  mapping i n s t r u m e n t a t i o n  and f i e l d  
t e s t i n g ,  p r e s s u r e  t r a n s d u c e r  deve lopment ,  and a r ev iew o f  t h i s  p r o -  
gram r e l a t i v e  t o  t h e  program p l a n  p u b l i s h e d  i n  August 1978. 
I n t e g r a t e d  Thermionic  -- C i r c u i t s  (ITC) - On September  1 8 ,  1 9 7 9 ,  
M r .  Byron McCormick, P r o j e c t  Manager f o r  L O ~  Alamos S c i e n t i f i c  
L a b o r a t o r y ' s  I T C  deve lopment ,  v i s i t e d  S a n d i a  t o  meet w i t h  Drs. Bob 
Eagan, C l i f f  B a l l a r d ,  and Tony Veneruso t o  d i s c u s s  I T C  development  
i n  FY80. S a n d i a  has  been  working on t h e  development  o f  a g l a s s /  
ce ramic  package  f o r  t h e  I T C  w h i l e  LASL h a s  been i n v e s t i g a t i n g  a 
g l a s s / m e t a l  package w i t h  Ceramaseal  I n c o r p o r a t e d .  I n  t h e  coming 
months,  t h e  I T C  p r o j e c t  w i l l  f o c u s  on p r o d u c i n g  a working model 
o p e r a b l e  up t o  t h e  3 5 0 - 4 0 0 ° C  r a n g e .  There were numerous problems 
w i t h  t h e  p a c k a g e ' s  p i n  s e a l s ,  vacuum i n t e g r i t y ,  w e l d s ,  and m a t e r i a l  
r e s i s t i v i t y  a t  t e m p e r a t u r e s  above 4 0 0 ° C .  By l o w e r i n g  t h e  I T C ' s  
t e m p e r a t u r e  s p e c i f i c a t i o n ,  i t  i s  hoped t h a t  a comple te  I T C  package 
. c a n  be s u c c e s s f u l l y  b u i l t  and t e s t e d .  O p e r a t i o n  up t o  t h e  3 5 0 ° C  
t o  400°C t e m p e r a t u r e  regime w i l l  s t i l l  s a t i s f y  a l l  t h e  r e q u i r e m e n t s  
f o r  geo the rma l  a p p l i c a t i o n .  
Geothermal Resources  C o u n c i l ' s  1 9 7 9  Annual Meet ing - S a n d i a  
had a number o f  i n p u t s  t o  t h i s  mee t ing  t h a t  was h e l d  i n  Reno, 
Nevada d u r i n g  September  24 -27 ,  1 9 7 9 .  Tony Veneruso p r e s e n t e d  a 
p a p e r  e n t i t l e d  "High Temperature  I n s t r u m e n t a t i o n  Development and 
Commerc ia l i za t ion  f o r  Geothermal A p p l i c a t i o n s "  a u t h o r e d  b y  A .  F .  
Veneruso and H .  M .  S t o l l e r .  J o e  Coquat had a p a p e r  p u b l i s h e d  i n  
t h e  t r a n s a c t i o n s  e n t i t l e d  "Cablehead Assembly f o r  H o s t i l e  Env i ron -  
ment Well Logging." There  was a l s o  a S a n d i a  e x h i b i t  t h a t  d i s p l a y e d  
t h e  e l e c t r o n i c s ,  t r a n s d u c e r s ,  p r o t o t y p e  t o o l s ,  c a b l e s  and c a b l e h e a d s  
t h a t  have been  developed  and f i e l d  t e s t e d  t o  2 7 5 ° C  i n  geo the rma l  
w e l l s .  The mee t ing  t r a n s a c t i o n s  a r e  a v a i l a b l e  t h r o u g h  t h e  Geother -  
mal Resources  C o u n c i l ,  P .  0. Box 9 8 ,  D a v i s ,  C a l i f o r n i a  9 5 6 1 6 .  
11. I n t e r n a l  RED 
A ,  High Tempera ture  Components 
1. P a s s i v e  E l e c t r o n i c  
2 .  P r o t o t y p e  P r o d u c t i o n  
3 .  Technology T r a n s f e r  
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A. High Tempera ture  Components 
O b ' e c t i v e  - Develop a n d c o m m e r c i a l i z e  t h e  h i g h  t e m p e r a t u r e  e l e c -  
t r o n i c  components t echno logy  i n d u s t r y  r e q u i r e s  t o  b u i l d  geo the rma l  
b o r e h o l e  i n s t r u m e n t s  f o r  o p e r a t i o n  up t o  275°C i n  t h e  n e a r  t e rm and 
350°C i n  t h e  l o n g  te rm.  
I-
1. P a s s i v e  E l e c t r o n i c  Devices  - D .  W .  Palmer ( 5 0 5 )  264-2138 -- 
F a b r i c a t i o n  o f  4 0 0 0  pF c a p a c i t o r s  f o r  t h e  Teledyne  P h i l b r i c k  v o l -  
t a g e l f r e q u e n c y  h y b r i d s  h a s  been comple ted .  The c a p a c i t o r s  a r e  
s t a b l e  and change ~ 1 . 5 ' 8  between room t e m p e r a t u r e  and 300°C. 
High t e m p e r a t u r e  r e s i s t o r  m a t e r i a l s  deve loped  by Cermalloy (931 
H T ,  9 4 1  H T )  were used  t o  f a b r i c a t e  t h i c k  f i l m  r e s i s t o r  p a t t e r n s .  
Tests  t o  4 0 0 ° C  i n d i c a t e  t h a t  t h e  b a s i c  + 2 0 0  ppm/"C change a p p a r -  
e n t  i n  p r e v i o u s  r e s i s t o r  compos i t ions  h a s  n o t  been conquered .  
However, s t a b i l i t y  a t  400°C and d u r i n g  t e m p e r a t u r e  c y c l e s  was 
good. 
2 .  P r o t o t y p e  P r o d u c t i o n  - D .  W .  Palmer ( 5 0 5 )  264-2138 
E v a l u a t i o n  on t h e  f i r s t  v o l t a g e  r e g u l a t o r s  d e l i v e r e d  by Teledyne  
P h i l b r i c k  has  begun.  S h o r t - t e r m  s t a b i l i t y ,  c y c l a b i l i t y ,  and o u t -  
p u t  t e m p e r a t u r e  c o e f f i c i e n t  a r e  a l l  w i t h i n  s p e c i f i c a t i o n .  Aging 
t e s t s  have been i n c o n c l u s i v e  due t o  p o o r  p l a t i n g  on t h e  o r i g i n a l  
p r i n t e d  c i r c u i t  mother  b o a r d .  New boa rds  have been made and f u r -  
t h e r  t e s t i n g  i n i t i a t e d .  
So f tware  and hardware  t o  a l l o w  computer  c o n t r o l  o f  t h e  v o l t a g e  
r e g u l a t o r  oven t e s t s  have been p r e p a r e d .  With d e l i v e r i e s  o f  50  
d e v i c e s  from Teledyne  i t  i s  n e c e s s a r y  t o  go i n t o  a s e m i - a u t o m a t i c  
t e s t  p r o c e d u r e .  
Thick  f i l m  p r i n t i n g  and r e s i s t o r  t r imming on v o l t a g e  r e g u l a t o r  
h y b r i d s  were per formed a t  S a n d i a  t o  p r o v i d e  a s s i s t a n c e  t o  T e l e -  
dyne because  o f  p r o d u c t i o n  equipment  p rob lems .  
3 .  - Technology T r a n s f e r  - D. W. Palmer ( 5 0 5 )  264-2138 
The d i s p l a y  b o a r d  f e a t u r i n g  h i g h  t e m p e r a t u r e  components and h y b r i d i -  
z a t i o n  was we11 r e c e i v e d  a t  t h e  a n n u a l  Geothermal  Resources  Counci l  
mee t ing  i n  Reno, Nevada, d u r i n g  September  2 4  - 2 6 ,  1 9 7 9 .  A h i g h  p e r -  
c e n t a g e  o f  a t t e n d e e s  r e q u e s t e d  p u r c h a s e  i n f o r m a t i o n  on t h e  h i g h  tem- 
p e r a t u r e  h y b r i d s  i n  t h e  d i s p l a y .  Such i n t e r e s t  i n d i c a t e s  a r eady  
marke t  f o r  c o m m e r c i a l i z a t i o n .  
C o n t r a c t  e x t e n s i o n  d i s c u s s i o n s  and paperwork c o n t i n u e d  on s e v e r a l  
o f  t h e  h i g h  t e m p e r a t u r e  e l e c t r o n i c s  c o n t r a c t s .  
111. E x t e r n a l  RGD 
A r i z o n a ,  U n i v e r s i t y  
Clemson U n i v e r s i t y  
H a r r i s  Semiconductor  
Purdue U n i v e r s i t y  
Teledyne  P h i l b r i c k  
Texas AGM U n i v e r s i t y  
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, S u b j e c t :  
C o n t r a c t o r :  
P r i n c i p a l  
I n v e s t i g a t o r s  : 
S a n d i a  Tech.  
Moni to r :  
C o n t r a c t  
D u r a t i o n  : 
C o n t r a c t  No : 
High Tempera ture  Thin  F i l m  Development 
A r i z o n a ,  U n i v e r s i t y  o f  ( E .  E .  Department)  
L .  S .  Raymond and P r o f .  D.  J .  Hamil ton  
Phone ( 6 0 2 )  884-1802 
Bruce Draper  
Phone ( 5 0 5 )  264-2132 
December 1 2 ,  1978 t o  September  3 0 ,  1 9 7 9  
13-2390 
O b j e c t i v e  - Develop and s u p p l y  r e f r a c t o r y  t h i n  f i l m  r e s i s t o r s ,  
c a p a c i t o r s ,  and c o n d u c t o r  i n t e r c o n n e c t i o n s  f o r  h i g h  t e m p e r a t u r e  
h y b r i d ,  i n t e g r a t e d  t h e r m i o n i c ,  and i n t e g r a t e d  s i l i c o n  c i r c u i t s .  
Assist S a n d i a  i n  m o d e l l i n g  and t e s t i n g  h i g h  t e m p e r a t u r e  s i l i c o n  
140s t r a n s i s t o r s .  
S t a t u s  - F i n a l  r e p o r t  i s  b e i n g  p r e p a r e d .  
9 
I 
,Sub j e c t  : High Tempera ture  O p e r a t i o n  o f  S i l i c o n  I n t e g r a t e d  
C i r c u i t s  
C o n t r a c t o r :  Clemson U n i v e r s i t y  ( E .  E . Dept . )  
P r i n c i p  a 1  P r o f .  J .  P r i n c e  
I n v e s t i g a t o r :  Phone ( 8 0 3 )  656-3371 
S a n d i a  Tech. Bruce Draper  
Moni to r :  Phone (505)  264-2132 
C o n t r a c t  
Dur a t  i on : November 1 5 ,  1978 t o  December 31 ,  1 9 7 9  
C o n t r a c t  No: 13-0326 
O b j e c t i v e  - C h a r a c t e r i z e  commercial  s i l i c o n  ICs up t o  3 0 0 O C .  
C o r r e l a t e  t h e s e  t e s t  r e s u l t s  i n  o r d e r  t o  produce  d e s i g n  r u l e s  
f o r  h i g h  t e m p e r a t u r e  I C s .  
S t a t u s  - C h a r a c t e r i z a t i o n  o f  t h e  i o n - i m p l a n t e d / d i f f u s e d  r e s i s t o r s  
h a s b e e n  comple ted .  1 0 0 0  Q/o r e s i s t o r s  show an i n c r e a s e  i n  
r e s i s t a n c e  from room t e m p e r a t u r e  t o  1 7 5 ° C  and a s h a r p  d e c r e a s e  
from 175 t o  275OC. 250 sZ/O r e s i s t o r s  i n c r e a s e  t h e i r  v a l u e  mono- 
t o n i c a l l y  from room t e m p e r a t u r e  t o  250°C, where t h e y  b e g i n  t o  
show s i g n s  o f  a z e r o  TCR r e g i o n .  
S u b s t r a t e  f e d  12L ( b o t h  r i n g  o s c i l l a t o r s  and i n d i v i d u a l  g a t e s )  
was found t o  be  f u n c t i o n a l  a t  200°C, m a r g i n a l  a t  250°C, and n o t  
f u n c t i o n a l  a t  2 6 O O C .  Two f a c t o r s  may be c o n t r i b u t i n g  t o  t h i s  
f a i l u r e :  e x c e s s i v e  t r a n s i s t o r  l e a k a g e  c u r r e n t s  and low b a s e -  
e m i t t e r  v o l t a g e s .  
A t  one week i n t o  t h e  300°C c h r o m e - s i l i c i d e  r e s i s t o r  l i f e  t e s t ,  
no change i n  r e s i s t a n c e  h a s  been o b s e r v e d .  
1 0  
,Sub j e c t  : Development o f  300°C OP-AMP 
C o n t r a c t o r :  Harris Semiconductor  
P r i n c i p a l  J .  D. Beasom 
I n v e s t i g a t o r :  Phone ( 3 0 5 )  724-7567 
S a n d i a  Tech. Bruce Draper  
Moni to r :  Phone ( 5 0 5 )  264-2132 
C o n t r a c t  
D u r a t i o n :  J u l y  11, 1 9 7 9  t o  December 31 ,  1980 
C o n t r a c t  No : 13-9425 
Ob ' e c t i v e  - Develop a s i l i c o n ,  d i e l e c t r i c a l l y  i s o l a t e d  op-amp t h a t  
w i l l  +u n c t i o n  up t o  300°C w i t h  pe r fo rmance  s p e c i f i c a t i o n s  and 
e x t e r n a l  w i r i n g  as c l o s e  as p o s s i b l e  t o  t h e  more c o n v e n t i o n a l  
H A 4 6 0 2  quad  op amp. 
' S t a t u s  - Data  h a s  been  t a k e n  on d i f f u s e d  r e s i s t o r s  and N P N  and 
PNP t r a n s i s t o r s  up t o  a b o u t  2 8 0 ° C .  The r e s i s t a n c e  change f o r  
t h e  r e s i s t o r s  was m o n i t o r e d ,  VBE and I B  have been  measured on 
t h e  t r a n s i s t o r  a t  e m i t t e r  c u r r e n t s  o f  1 v A ,  1 0  P A ,  1 0 0  P A ,  and 
1 mA f o r  c o l l e c t o r - b a s e  v o l t a g e s  o f  0 V ,  1 V ,  5 V ,  1 0  V ,  2 4  V ,  
and 30 V. T h i s  d a t a  i s  b e i n g  r educed  a t  p r e s e n t  and s h o u l d  p r o -  
v i d e  l a r g e  and s m a l l  s i g n a l  p a r a m e t e r  d a t a  f o r  computer models t o  
b e  used  i n  t h e  d e s i g n  p h a s e .  Leakage d a t a  shows t h a t  PNP c o l -  
l e c t o r - b a s e  l e a k a g e  c u r r e n t s  a r e  h i g h e r  t h a n  t h o s e  i n  N P N  s t r u c -  
t u r e s .  I t  a l s o  a p p e a r s  t h a t  i n  b o t h  N P N  and PNP t r a n s i s t o r s  a t  
h i g h  t e m p e r a t u r e s  and low b i a s  c u r r e n t s  t h e  b a s e - e m i t t e r  j u n c t i o n  
becomes r e v e r s e  b i a s e d  when c o l l e c t o r  v o l t a g e  i s  a p p l i e d .  
A t e s t  mask se t  f o r  e x p e r i m e n t a l  i n t e r c o n n e c t  e v a l u a t i o n  has been 
l a i d  o u t  and i s  c u r r e n t l y  unde rgo ing  f i n a l  r e v i s i o n  p r i o r  t o  
f a b r i c a t i o n .  The pu rpose  o f  t h i s  i s  t o  e v a l u a t e  c o n t a c t  r e s i s -  
t a n c e ,  p o s s i b l e  m i g r a t i o n  e f f e c t s  a t  c o n t a c t s ,  and c u r r e n t  c a r r y -  
i n g  c a p a c i t y  f o r  t h e  i n t e r c o n n e c t  s y s t e m s .  
, S u b j e c t :  
C o n t r a c t o r :  
P r i n c i p a l  
I n v e s t i g a t o r :  
S a n d i a  Tech. 
Moni to r :  
C o n t r a c t  
D u r a t i o n :  
C o n t r a c t  No : 
High Tempera ture  Thick  F i l m  Development 
Purdue U n i v e r s i t y  ( M a t e r i a l s  6 E l e c t r i c a l  
E n g i n e e r i n g  Depts )  
P r o f .  R. W .  Ves t  
Phone (317) 749-6244 
David W .  Palmer 
Phone (505) 264-2138 
November 1978 t o  September  1 9 7 9  
13-0320 
O b j e c t i v e  - Develop ceramic t h i c k  f i l m  m a t e r i a l s  ( c o n d u c t i v e ,  
r e s i s t i v e ,  d i e l e c t r i c ,  and semiconduc t ing )  which r e t a i n  u s e f u l  
e l e c t r i c a l  and mechan ica l  c h a r a c t e r i s t i c s  f o r  b o t h  e x t e n d e d  
p e r i o d s  ( l o 5  h )  a t  300°C and s h o r t  p e r i o d s  ( 1 0 0 0  h )  at 5 0 0 ° C .  
S t a t u s  - R e s i s t o r s - - a  f i r i n g  t e m p e r a t u r e  o f  1 0 0 0 ° C  f o r  t h e  low end 
member (100 n/o) r e s i s t o r  i n k  r e p o r t e d  l a s t  month ( 2 9 . 7  w t  % Ru02 
i n  F r i t  LA) gave r e s i s t a n c e s  a s  low a s  4 0  Q / O .  Development o f  a 
new i n k  ( 2 6 . 3  w t  % Ru02 i n  F r i t  2A) gave r e s i s t a n c e s  down t o  
7 8  n /O when f i r e d  a t  1 0 0 0 ° C .  S t o r a g e  t e s t s  o f  t h i s  new i n k  gave 
an R/Ro o f  . 9 7 6  a f t e r  3 2 9  h r s  a t  5 0 0 ° C ,  and a T C R  o f  2 8 0  ppm/"C 
f o r  t h e  f u l l y  deve loped  ( l o w e s t  R) m i c r o s t r u c t u r e  r e s i s t o r s .  
R e s i s t o r s  w i t h o u t  a f u l l y  deve loped  m i c r o s t r u c t u r e  gave an R/Ro 
o f  .968  a f t e r  329 h r s  a t  500°C, and a TCR ave rage  of  780 ppm. I n  
f u l l y  d e v e l o p i n g  t h e  r e s i s t o r ' s  m i c r o s t r u c t u r e  b o t h  R/Ro and T C R  
were r educed .  
Optimum a lumina  c o n t e n t  f o r  t h e  low k dielectric--formulations 
c o n t a i n i n g  5 ,  25 ,  and 5 0  w/o A1203 r e l a t i v e  t o  F r i t  2 A  were 
t e s t e d ,  and o n l y  t h e  25 w/o A 1  0 3  c o n t e n t  i n k  produced  s a t i s f a c t o r y  
c a p a c i t o r s .  
c e s s i n g  o f  t h e  5 w/o A1203 f o r m u l a t i o n ,  and a s e v e r e  p i n h o l e  p r o b -  
lem was o b s e r v e d  w i t h  t h e  5 0  w/o A1203 f o r m u l a t i o n .  S e v e r a l  t h i c k  
f i l m  c a p a c i t o r s  were f a b r i c a t e d  w i t h  g o l d  e l e c t r o d e s  and t h e  25 
w/o A1203 + F r i t  2A d i e l e c t r i c ;  measurements showed a 1 kHz d i e l e c -  
t r i c  c o n s t a n t  t h a t  changed from 7 . 4 7  a t  room t e m p e r a t u r e  t o  8 .32 
a t  350°C. A t  350°C t h e  d i e l e c t r i c  c o n s t a n t  ranged  from 9 . 7 2  a t  
1 0 0  H z  t o  7.89 a t  1 0  kHz. The d i e l e c t r i c  c o n s t a n t  a s  a f u n c t i o n  
o f  DC b i a s  v o l t a g e  was measured a t  room t e m p e r a t u r e ,  and no change 
was o b s e r v e d  up t o  1 0 0  VDC. The DC r e s i s t i v i t y  o f  t h e s e  c a p a c i t o r s  
was 9 x 1 O 1 O  a-cm a t  room t e m p e r a t u r e .  I n v e s t i g a t i o n s  o f  a medium 
k d i e l e c t r i c  t h i c k  f i l m  c a p a c i t o r  were i n i t i a t e d  w i t h  a composi- 
t i o n  o f  36 v /o  F r i t  2 A  - 2 4  v /o  S i T i O g  - 40 v /o  BiqTi3012 based  
on t h e  r e s u l t s  o f  computer m o d e l l i n g .  Thick  f i l m  c a p a c i t o r s  w i t h  
a room t e m p e r a t u r e  d i e l e c t  i c  c o n s t a n t  o f  a p p r o x i m a t e l y  9 4  and a 
DC r e s i s t i v i t y  from 2 x l o 4  t o  2 x 1 0 l 1  n - c m  were made. 
A l l  o f  t h e  A1203 i i s s o l v e d  i n  t h e  g l a s s  d u r i n g  p r o -  
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, S u b j e c t  : Commercial P r o d u c t i o n  o f  300°C Hybr id  Micro-  
c i r c u i t s  
C o n t r a c t o r :  Te ledyne  P h i l b r i c k  
P r i n c i p a l  M .  Reagan and R .  Cook 
Eng i n e e  r s : Phone ( 6 1 7 )  329-1600 
S a n d i a  Tech. R icha rd  C .  Heckman 
Moni to r :  Phone ( 5 0 5 )  264-5446 
C o n t r a c t  
D u r a t i o n  : October  2 0 ,  1978 t o  September  30 ,  1 9 7 9  
C o n t r a c t  No. : 13-0338 
O b j e c t i v e  - P r o d u c t i o n  o f  50  h i g h  t e m p e r a t u r e  h y b r i d  m i c r o c i r c u i t  
v e r s i o n s  o f  S a n d i a  d e s i g n e d  and p r o t o t y p e d  2 5  t o  3OOOC v o l t a g e  
r e g u l a t o r s .  T h i s  e f f o r t  i s  t o  i n c l u d e  f u r t h e r  m i n i a t u r i z a t i o n  
and improved h e r m e t i c i t y  from S a n d i a ' s  o r i g i n a l  p r o t o t y p e s .  
S t a t u s  - Four comple te  275°C v o l t a g e  r e g u l a t o r s  p a s s e d  f i n a l  t e s t -  
i n g  and were handed o v e r  t o  D .  Palmer and R .  Heckman o f  S a n d i a  on 
Septem5er  1 4 .  
A new method f o r  p a r t s  c h a r a c t e r i z a t i o n  was implemented,  b a s e d  on 
c h i p  c a r r i e r s .  A t e s t  f i x u t r e  f o r  t h i s  u s e  was b u i l t  and p a r t  
c h a r a c t e r i z a t i o n  begun. An o r d e r  o f  magni tude i n c r e a s e  i n  
t h r o u g h - p u t  h a s  been  a c h i e v e d .  
A l a r g e  number o f  v o l t a g e  r e g u l a t o r  s u b s t r a t e s  were f a b r i c a t e d  
and work i s  c o n t i n u i n g  t o  comple te  t h e  q u a n t i t y  r e q u i r e d  by t h e  
d e a d l i n e .  Work was a l s o  s t a r t e d  on t h e  f a b r i c a t i o n  o f  t h e  a d d - o n  
c h i p  r e s i s t o r s .  
, S u b j e c t :  
C o n t r a c t o r :  
P r i n c i p a l  
I n v e s t i g a t o r :  
S a n d i a  Tech. 
Moni to r :  
C o n t r a c t  
D u r a t i o n :  
C o n t r a c t  No: 
High Temperature  Magnet ic  M a t e r i a l s  
Texas AGM U n i v e r s i t y  (E. E .  D e p t , )  
D r .  R .  K .  Pandey 
Phone (713) 845-7441 
David W .  Palmer 
Phone (505) 264-2138 
December 1 5 ,  1 9 7 8  t o  September 3 0 ,  1 9 7 9  
13-0321 
O b ' e c t i v e  - Measure magne t i c  p r o p e r t i e s  of  commerc ia l ly  a v a i l a b l e  -f---h- s o  t an h a r d  m a t e r i a l s  f rom 2 5  t o  400°C. 
s e a r c h  f o r  p r o m i s i n g  deve lopmen ta l  h i g h  t e m p e r a t u r e  magne t i c  
m a t e r i a l s .  
Complete a l i t e r a t u r e  
S t a t u s  - Sample s t u d i e d :  2 V Permendur (49% Co + 4 9 %  Fe + 2 %  V) 
s u p p l i e d  by Arnold E n g i n e e r i n g  Co. 
1. Annea l ing  of  t h i s  sample a t  450°C f o r  o v e r  1 0 0 0  h o u r s  has  
been  comple ted .  Measurements o f  magne t i c  p a r a m e t e r s  b o t h  i n  
h e a t i n g  and c o o l i n g  c y c l e s  have been done.  Moreover ,  we a r e  a l s o  
measur ing  t h e  r e s i s t i v i t y  o f  2 V Permendur a s  a f u n c t i o n  o f  tem- 
p e r a t u r e  and a n n e a l i n g .  Another  sample o f  2 V Permendur h a s  been  
p r e p a r e d  and i s  b e i n g  a n n e a l e d  a t  450°C and we i n t e n d  t o  a n n e a l  i t  
f o r  1000 h o u r s  w i t h o u t  i n t e r r u p t i o n .  A t  i n t e r v a l s  o f  a p p r o x i -  
ma te ly  2 4  h o u r s ,  t h e  B - H  l o o p s  a r e  t r a c e d  t o  f i n d  o u t  when e x a c t l y  
t h e  sample a c h i e v e s  i t s  m a g n e t i c  s t a b i l i t y .  The r e s u l t s  w i l l  be 
r e p o r t e d  a t  a l a t e r  t i m e .  
2 .  During t h e  l a s t  few days we have a l s o  s t a r t e d  t h e  s t u d i e s  on 
an amorphous magne t i c  m a t e r i a l  s u p p l i e d  by A l l i e d  Chemicals .  I t s  
t r a d e  name i s  2826 MB and i t s  chemica l  compos i t ion  i s :  
Fe40Ni38B18Moq. T h i s  m a t e r i a l  i s  supposed  t o  be u s e f u l  f o r  power 
t r a n  s f o rme r . 
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PROJECT 




in m80 Temperature 
(275°C Field Test) 
V Commercialization of Circuits v c Flow Comer c i a l i  ze in ~ ~ 8 0  
Pressure (low 
resolution 
Transducer Development 7 Sonde Development 
Pressure (high reso- 
lution) Quartz 
Crystal Based 
Test & Comer 
cialize in FY 
Caliper (4 arm) 
Borehole Televiewer 
(Fracture Mapping) 
Kuster - Amerada & 
GRC Gauges 
GEOTHERMAL LOGGING DEVELOPMENT PROGRAM 
F I S C A L  YEAR 79 
PLANNED 
COMPLETION 
Test & Comer 
cialize in FY 
Lab & Field 
Test in m80 
Comer c iali ze 
in FY80 
0 Sonde Desim v FabricatZon---& -_--- - 
Upgrade Sensor Upgrade Tool Circuits 
Lab Test and Field 
Evaluation WpPrade & Retrofit Test 
LEGEND : A C T I V I T Y  OPLANNED START v PLANNED COMPLETION 
F 
-4 
RESCHEDULED @STARTED v COMPLETED _ _ _ _ - - _ _ _ _ _ _  
PROJECT N 1 l o  D 
I 
GEOTHERMAL LOGGING DEVELOPt*IENT FROGRAM 
F i e l d  T e s t i n g  
1 )  w i t h  Union Geother- 
mal a t  Va l l e s  Ca lde ra ,  
NM 275°C Temperature,  
P r e s s u r e  and Flow 
2 )  w i t h  Denver Researc 
I n s t i t u t e  ' s Tempera- 
t u r e  and P r e s s u r e  Prob 
plus  S a n d i a ' s  Flow and 
P res su re  Sondes a t  Eas 
Mesa, CA 160°C 
3)  w i t h  Republ ic  Geo- 
thermal  a t  E l  Centro,  
CA,  improved Kuster 
r o o i s  
4 )  w i t h  Union Geother- 
nal  a t  V a l l e s  Caldera ,  
VM. 275°C Improved 
Kuster Tools  and 
Sand ia ' s  Temperature ,  
Pressure  and Flow 
Sondes 




Q _ _ _ _ _ _ _ _ _ _ _ _  M 
Well c l eanou t  
u n s u c c e s s f u l ,  
workover r i g  r e q u i r e d  
v 
C 
LEGEND: -_ ACT I V I  TY 0 PLANr4ED START v PLANNED COMPLETION 
RESCHEDULED 0 STARTED v COMPLETED - - - _  
F'LANNED 




Add i t iona l  
t e s t s  w i l l  
b e  performe 
i n  FY8Q w i t  
commercial1 
f a b r i c a t e d  
t o o l s  
r 
1.  Contract Identi f icat ion 2. Report ing Period 
Geothermal Logging - Program Management 9 - 1 through 9 - 3 0  
4 Contractor (name and address) 
Sand ia  L a b o r a t o r i e s ,  D iv i s ion  4 7 3 6  
Albuquerque, N e w  Mexico 8 7 1 1 5  
3 Cost Statur 
f. Planned Costs 
Planned 2 0 0  




for  Contract 
B G R  Number 
AE-30-01-05 
3 Contract Number 
5 Contract Start Date 
1 Oct 1 9 7 8  
30 Sep t  1 9 7 9  
6 Contract Completion Date 
" 
__ __ 1 s  i 3 0 ' 4 7  64 8 1  9 8  115 1 3 2  149 ;  164183  2 0 0 -  
d Varianre - - -  2 +1 + 2  + 7  + 6  + 4  + 5 1 + 1  - 4  - 2  
T 1 T f 4 5 6 5  1 8 3 1  0 5  1 2 1  136 1541 1 6 7 1 7 9  ,198 
b. Planned 
AccruFd Costs c. Actual 
_. 
1 9  
h. Total Contract 
$ 2 ~ ~ , ~ ~ 0  
r 
1 .  Contract ldunti f icat iori  
Geothermal Logging Development - I n  House RGD 
' FORM E R D A  536 
(2 /1/77)  
2 Report ing Period 3. Contract Number 
a t h r o u q h -  9 -  30 
U.S. ENERGY RESEARCH A N D  D E V E L O P M E N T  A D M I N I S T R A T I O N  
CONTRACT MANAGEMENT SUMMARY REPORT 
4 Contractor (name and ddaress) 
Sand ia  L a b o r a t o r i e s ,  D iv i s ion  4736 
Albuquerque, N e w  Mexico 8 7 1 1 5  
5 Contract Start Date 
1 Oct 1978 
30 Sept  1979 
6 Contract Completion Date 
9 Cost Sta!us 
a Do 11 a r s  
( i n  thousands)  
. . .Ac tua l  --- 
B E R  Number 




0 N D / J  I F / M  I A  / M I  J I J  I A  / S 1 8 F Y 7 9  
FORM E R D A  536 
(211177) 
1 .  Contract Identificatlon 2 Reporting Period 
Geothermal Logging - E x t e r n a l  RC,D 9-1 through- 
4 Contractor (name and address) 
Sandia  L a b o r a t o r i e s ,  D i v i s i o n  4 7 3 6  
Albuquerque, New Mexico 8 7 1 1 5  
US. E N E R G Y  R E S E A R C H  A N D  D E V E L O P M E N T  A D M I N I S T R A T I O N  
CONTRACT MANAGEMENT SUMMARY REPORT 
3 Contract Number 
5 Contract Start Date 
1 Ort 1 9 7 8  
30  Sep t  1 9 7 9  
6 Contract Completion Date  
!GR Number 
[E-30 - 0 1 -  0 5  / // 
/'- / - [ - - $ 3 2 9 , 0 0 0  
/ 
2 1  
I I  
O d  
- 
b Planned 5 L l 5  4 1 1  7 3  1 91 2 6 5 1 9 7  1329- 
I- Accrued Costs c Actual 5 1 5 4  80 1 9 4  1:; ~ ~ ~ I ~ - ~ $ ~ ~ ~ ~ ~  -____ - 
d Variance 0 k39  +39 1+21 + 2 0  + 2 1 + 3  - 2 7  -341 -,$","," 
for Cortract 
h Total Contract 
Value 
1 : 1 , 2 7 - $ 3 2 9 9 0 0 0  
O f f M  E R D A  536 
211 177) 
1 Cont r x t  ldcn t i f  icdt lor1 2 Repor t ing  Period 
Geothermal  Cab 1 e Development . ___through 9 - 1  9-30 
4 Contractor (name and address) 
S a n d i a  L a b o r a t o r i e s  - D i v i s i o n  4736 
Albuquerque ,  New Mexico 8 7 1 1 5  
U.S. E N E R G Y  R E S E A R C H  A N D  D E V E L O P M E N T  A D M I N I S T R A T I O N  
CONTRACT MANAGEMENT SUMMARY REPORT 
3 Contract  Number 
5 Contract  Stdrt  Date  
1 Oct 1978 
30 S e p t  1 9 7 9  
6 Contract  C o r n ~ ~ l ~ t i o n  D;IP 
- D o l l a r s  
( i n  t h o u s a n d s )  
a .  
I 
~ e. Ac tua l  Costs 
I Prior FYs 
I 
I I 1 I I I I I I I I I I 
P l a n n e d  
5 0  
40  - 
--- . . . A c t u a l  1 f. Planned Costs Pr ior  FYs p 
I ,  
t 30 
2 0  
BGR Number 
A E - 3 0 - 0 1 - 0 4  
------- Accrued Costs 
f- for Contract  
1 0  
2 2  
I / - I 
l 
/ $50,000 - /.-' _.# -e- 
_ _  b Planned _ _ _ _  0- I 0 0 0 0 1 3 10 10 20 3_3_.50. 
Accrued Cobts __ c Actual  ~ _ _  0 1  0 0 0 . 0  0 1 8 10 1 8  30 4 7  
1 - 2  , - 2  0 ,-2 , - 3  , - 3  
Value 
$50,000 
, d Variance 0 1  0 0 0 , o -  
D i s t r i b u t i o n  : 
DOE/ALO W .  McMullen 
DOE/ALO D. N o w l i n  
DOE/ALO 
DOE/CHI  













2 1 1 7  
2 1 5 0  
2 1 5 1  
2 1  5 1  
2 1 5 5  
4 7 0 0  
4 7 3 0  
4730 
4 7 3 3  
4 7 3 7  
4 7 4 0  
4 7 4 1  
4 7 4 2  
4 7 4 2  
4 7 4 2  
4 7 4 2  
4 7 4 2  
4 7 4 2  
4 7 4 2  
4 7 4 2  
4 7 4 3  
4 7 4 4  
4 7 4 4  
4 7 4 4  
5 8 1 1  
5845  
A. Wilbur 
B.  Mueller 
C .  C a r w i l e  
B .  D i B o n a  
A .  F o l l e t t  
A .  J e l a c i c  
R. L a S a l a  
C .  McFarland 
R. R e e b e r  
M .  S k a l k a  
J. S a l i s b u r y  
G .  S t a f f o r d  
R .  C l a r k e  
A.  A d d u c i  
bl.  Molloy 
V.  A .  Wells 
T .  L.  W o r k m a n  
R. C .  H e c k m a n ,  A t t n :  B .  L .  D r a p e r  
D. W .  P a l m e r ,  A t t n :  K .  R. White 
G .  W .  Krause, A t t n :  J .  D. b l c B r a y e r  
J .  H .  S c o t t  
H. M.  S t o l l e r  
A. J .  C a l d w e l l  
C .  L .  Schus t e r  
B .  E .  B a d e r ,  A t t n :  R .  L .  Fox 
R. K. T r a e g e r  
S .  G .  V a r n a d o  
A. F .  V e n e r u s o  
T .  J. B a u m a n  
P .  A.  B o n n  
J .  A. Coquat 
F .  E .  H e a r d  
R .  W .  E i f e r t  
B .  H .  Major 
T .  D. M c C o n n e l l  
H .  C .  H a r d e e  
H .  M. D o d d  
J.  P o l i t o  
C .  C .  C a r s o n  
C. A r n o l d  
R. J .  E a g a n ,  A t t n :  C .  P .  B a l l a r d  
2 3  
